
TOWER OBSl~l~VATIONS OF ATMOS~'IMRIC DUST . 
AT 'XX NATIONAL REJJCTOI~ TICSTING STATION 

. 

By P. A. Eumphroy, E. M. Wilklno, and D. M. Morgan, U'SUB, 100 . 

I Conoidoration that tho placing of air intnkoo for ronctora nt 

. varloue olovntlono abovo the ground may bo important to air cleuning 

design hao reoultoh In tower obeervatione of duotineoo at the National 

.Roactor Toating Station. The purpooe of thoeo observations io to deter- 

mine for varioue meteorological condition0 the.variation0 of duotineeo 

in the vertical. 

It wae asBurned beforehand that the vertical gradient of duotinees 
. 

would show characterietic differences for various wind velocities, and for 

%emperature Lapse (&ytime) and temperature inveroion (nighttime) conditions. 

Tho 250-foot radio tower in the Central Facilitieo area wae uoed to 

elevate high volume air aamplore to various .heighte above the ground 

(Figure 1). The tower aloo accommodates continuous record& resistance 

thermometore at the 5, 100 and 250-foot levels, which are ueed to determine 

tempraturo Zappoe and tomprature inveroion condition\. Continuouo wind 

speed mcordo from en instrument exposed 20 feet above ground were ueod 

rather than ~)cordo from the wind equipment on top of the tower. The 

high-volume oampler~ were attachod to the t;owoi: at 2, 15, 30, 100, and 250 

f&et (Figure 2). Rcto of flow through tho nampleru wno chocked at the 

boglnnine, and ending of each oampling period. . 

Duet Co:xo:~tretiOnB 

Ao might bo oxpoctod, it io oxtremoly difficult to eepsrate tho offoct 

of windn from tkrzt of air &ability, bocauoo tho etronger xindo and 
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temperature la~~se conditions tend 1;~ occur simultaneously. Plots of dust 

concentration versus height for several conditions are shown in Fignrc 3. 

The fol1oG.q points arc made: 

1) Concentration s near the ground arc much higher during periods 

of strong winds, but at 250 feet they are no higher than during 

periods of light or mcdcrate winds. 

2) Thoro is little practical difference between concontrationo 

dur;lng lapse conditions and Inversion conditions as 10% 

ao wind apeods are about the came. , 

3) The decrease of dustiness with height shows a distinct advantage 

in having air intakes located at the highest feasible elevations. 

' This is especially true for the dustiest conditions. 

Table I gives percentages of the s-foot level dust concentrations 

found at levels above five feet. Note that there is only 42% as much dust 

at the 30-foot level during dustiest conditions and from 502-695 as much 

during average conditions. . 
* 

Particle Sizes 

For particle sizing, dust was vacuumed off of the fluted filters on 

to molecular filters, and counting was accompli&cd by conventional methods 

using a Porton gratlcule in the ocular of the microscope. Xediul sizes 

ranged between three tenths and six tenths of a micron for all sampling 

periods, and all levels. As might be expected, the mcdiar size decreases 

h-ith height, and increases with wind speed. There was a noticeably smcallcr 

. . . . . _ 



percentago of pnrticlcs grcatcr than 10 microns at higher lcvcls. In the 

dustiest samplc,thc pcrcenkqe of particles larger than 3.0 microns was 

five times less at 250 feet than at five feet. 
, 

Also of intcrcst is the variation of the standard Zcometric deviation. 

of particle sizes with height during various conditions. The same samplings 

shown in Fi.,gre 3 are plotted in Figure 4. The exact shape of the curves 

cannot be verified for so fclir samples; however, the following items are 

worthy of mention: 

1) The two curves for lapse conditions shots characteristic increases 

in standard scomctric deviations (which means decreasing 

homogeneity of partic!_e sizes) with height. Near the ground, 

hokrever, the deviations are smaller for the cleaner sample. 

2) The curves for l'inversionl' and for "lapse and inversion" show 

characteristic decrcc?ses of standard geometric deviations lrith 

height in the lower levels. These curves shotir larger standard 

geometric deviations near the ground than the tpo curves for 
*. 

lapse conditions. 

3) The standard geometric deviations tend to bc about the same at 

the 30-foot level duriq all ~~tc~r~lo~i'czl conditions, ran&q 

from five to six. 

I.arp,cr Parti.cles 

Since the characteristics of the larger partj.cicss were not easily 

observed at the m:qyifj.c~tion of 1000X used for particle sizing, material 
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was shaken frOrr\ the fluted filters by rappin; and c4xmincd at 300X. 

The folloxing rcm.-mlcs apply to the cxminntions of the samples at low 

powcr.and do not cotuparc particles sm&cr than 45~. 

\ 

For all conditiong at the clcvations sampled,particles 

. in the size range from 4p to 9y predominated the microscopic 

field. At lower levels, inorganic material was predominant over 

organic material when smaller sizes are considered escept 
. 

during the windy, lapse period and during the.typical inversion 

period. During these periods inorganic and organic material 

were more unifoxily tixed. 

At .hi.gher elevations there were fewer large inorganic 

particles (>lOCJ,U),and in the typical inversion case 

practically none even at the lowest elevation. 

. . . 
Largest inorganic particles varied as follows: 

TABLE II . 

Continuous (Lapse and 
Inversion) 
Typical Lapse 64y 225~ 

Windy Lapse c5oji ‘39 

Typical Invcrs5.on 200) 7y 

there were 

250' 

7*-175/A 

-- 

?? 

-- 

Shape ms perhaps a factor in dctcrmki~~~ the heights at which 

largest inorganic particles were found since sme were flake-like.. 
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Crgmic material appears to have 3.css density md dots 

not show signif'ic;cnt size variations with hc?.&t. The ratio 

\ of sinal.l to lnrce particles rwkns nc:wlJ constant. f'ollcn 

varictics froin 60 to 1~50 4wcrc evident at all 1cvel.s. 
r / 

Several hol!scflies wcrc always present in each filter 

for 5 and 15 foot, but never at 30 feet end above. Smaller 

inoocto (3oop-2800~) were present at alllevels. 
. 
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Kctcorologicnl conditions 
3 and it. Wind 

during test periods considered in Figures 
given for 20 feet. Tcmperaturc Cradicnt conoidcrcd for 5 feet. 

to 250 rcot. 

On: 

Duration: 

Wind Speed: 

I 
I 

Stability 
Condition: 

. . . 

S@ Condition: 

Au,wst 28. 2 hours lapse, maximum 2,O'F. 6 hours 
inversion. . . . '* : 

Kostly clear skies for entire period. 

Wcathcr: NOM 

0805 YST, August 25', 1953 - Off: OeO5 MT, August 28, 1953 

72 continuous hours . 

Pioderate during day and light at night . 

Aumst 25. Hourly averages, calm to 8 miles per hour 
from beginning of test until almost noon then increasing * 
to 12-19 miles per hour and dropping to 2-9 miles per 
hour after late afternoon. 
&l&28 IGT. 

Peak gust 30 miles per hour 

I * 
hmst 26. Hourly averages, 
mid-morning, 

2-10 miles per hour until 
increasing to 12-19 miles per hour during 

afternoon and then decreasing to 5-8 miles per hour after 
early evening. Peak gust 33 miles per hour at l13.6 BLST. 

August 27. Hourly averages, 
until mid-morning, 

calm to 5 miles per hour 
becoming 12-16 miles per hour during 

afternoon =and then droppinG to,2-8 miles per hour at 
night. Peak gust 29 miles per hour at 1447 IGT, 

Aufplst 28. Hourly averages, calm to 6 miles per hour . 
until terminated at OS05 KST. Peak gust 9 miles per hour 
at 0100 FIST. * 

. 6. 

Aumst 25. 10 hours lapse, maximum 6.2'F. 6 hours 
inversion. 

Awust 26. 12 hours lapse, maximum 6.9'F. 12 hours 
inversion. . : 

Au&t 22. l2 hoUs lapse, maximum 5.4'F. 22'hours 
inversion. 

. 



Ch: 

On: 

61: 

. on: * 
Duration: 

Wind Speed: Light for entire period except for 2 hours moderate 

Stability 
Condition: 

. 

i 

4 

1309 MST, Au,q.& 10, 1753 - Off: 0815 MST, August 11, 1753 

1915 MST, Aqust 11, 1753 - Off: 0615 YST, Awust 12, I.953 

1903 MST, August 12, 1953 - Off: OG43 PST, August 13,.1753 

1832 PET, August $3, 1953 - Off: 0750 UT, August 11+, 1753 

53 hours 4 minutes 

Au.qlst 10. Hourly averages, 5-9 miles per hour until 
midnight. Peak fist 15 miles per hour at 2lCO KST. 

Aumst 13. Hourly averages, calm-4 miles per hour in 
morning, 3-S miles per hour at llight. Peak gust 14 miles 
per hour at 1900 FIST. 

AuLqust 12. Hourly averages, calm-5 miles per hour in 
morning, 7-10 miles per hour at night. Peak gust 16 miles 
per hour at 1900 ET. 

Au,n.ust 13. Hourly averages, l-2 miles per hour in 
morning, 7-17 miles per hour at night. Peak gust 28 
miles per hour at 2130 NST. 

, 
August 14. Hourly averages, calm-4 miles per hour until 
termination. Peak gust 6 miles per hour at 0100 ESi'. 

AUIE;Ust 10: Inversion began 1917 ES?. 

AU/Q& 11. Inversion ended 0636 MST, began 1914 I/ST. 

Aumst 12. Inversion ended 0710 MST, began 1859 NST. 

Au{Tlsst 13. Inversion ended 6708 IGT, began lSl9 MST. 

AuEust 11,. Inversion ended O&+7 IGT. 

i - Sky Condition: Eostly clear August 10, 11, and 12, partly cloudy 13 and 14. 

Wcathcr: None . . 



on: 

On: 

On: 

* on: 

Ihat ion: 

&nd Speed: 
1 

Stability 
Condition: 

Sky Condition: 

Weather: 

L/WX, LUXIT WTNDS . 

0810 IJST, August I&, 1753 - off: 

0757 ET, Aqust 5, 1953 - Off: 
. 

0755 Y&T, Aqwst 6, 1953 - Off: 

0745 PIST, August 7, 1753 - Off: 

32 hours 31 min~te~ 

Mostly light with some moderate 

1610 MST, Aupst 1+, 1953 : '- 

1612 MST, Aq-yst 5, 1953 . 

1611 MST, August 6, 1953 

151~5 MST, August 7, 1953 

. 

Au&t&. Hourly averages, 13-17 miles per hour entire period. 
Peak gust 29 ITISCS per hour at 1600 BIST. 

Auplst 5, Hourly averages, 3-9 miles per hour entire period. . 
Peak gust 15 miles per hour at 1600 MST. 

AuDst 6. Hourly averages, 
Peak gust 20 miles per hour 

4-10 miles per hour entire period. 
at 1600 MST. 

7. Aumst 
miles per 

Hourly averages, 3-9 miles per hour except 12-U 
hour last two hours of period. Peak gust 28 

at 1538 RX. 

Lapse began 0655 &IST, ended 1921 KST, maximum 
, 

W’ Lapse began 0616 ET, ended 1930 IGT, maximum 

Au.qu.st 6. Lapse began 0700 MST, ended',,1808 MST, maximti 
5.5OF. 

Lapse began 0716 HST, ended la/;5 PST, maximum iz%Y’* 
Nostly clear August I+, 5 and 7,' partly cloudy on 6. 

Notie ‘. 
- . . 
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On: 

Duration: 

Wind Speed: 

Stability 
Condition: 

Sky Condition: 

Weather. . 

.- 

LAKX, STItiJ?NC WINDS . . 
. 

0643 IGT, AuC:ust 24, 1953 - off: 1057 ET, August 24, 1953 

10 hours 14 minutes 

Plostly strong with some mcdcrate 

Aufllst 24. Hourly averages 24-25 miles per hour most 
of time with 12-21 miles per hour at beginning and end 
of period. Peak gust 1J miles per hour at 1403 JET. 

Lapse began 0'728 ET, ended 1900 EST, 

Scattered cloudiness 

In addition to the general dustiness of the air, individual 
clouds of blowing dust from numerous sources of loose soil 
were visible in all directions. Dust clouds from nearby 
points of origin frequently blew across the sampling site. 
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